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This application Is based on U.S. application serial no. 07/525,866, ftled May 18, 1990 
Reid of the Invention 

5 This invention relates to the field of plant nx)lecular biology in general, and in particular to enhancer sequ- 

ences and their recombined arrangement within a promoter region such that gene expression is enhanced. This 
invention enables the enhanced selective expression of desired stnjctural genes in monocotyiedonous plants. 

Background of the Invention 

10 

One of the nx>st important factors to be considered in developing a plant transfbnnation procedure is the 
availability of a promoter which provides reliable high level expression of introduced genes in the target cells. 
For example, for the transformation of plant ceils with ONA encoding an antibiotic resistance nrarker. it is dearly 
desirable to obtain a high level of expression of the introduced gene to enable efficient selection of transfor- 
15 mants. Moreover, in cases where the untransformed tissue shows a degree of natural res(Star>ce to the anti- 
bfotic, e.g., wheat and maize embryo tissue selected on Itanamyctn (Hauptmann et a[. (1988) Plant Physiol. 
86:602-606), a strong selection system would be critical for the successful production of transfomned plants. 

Promoters are the portions of DNA sequence at the beginnings of genes which contain the signais for RNA 
polymerase to begin transcription so that protein synthesis can then proceed. Eukaryotic promoters are com- 
20 plex. and are comprised of components which indude a TATA box consensus sequence at about -75 bp 5' 
relative to the transcriptk>n start sKe. or cap sKe, whtoh is defined as +1 (Breathnach and Chambon (1 981 ) Ann. 
Rev. Bkwhem. 50:349-383; messing et al. (1983) In Genetk: Engineering of Plants . T. Koauge, Meredith and 
HoHaender, (eds.)> PP-21 1-227). In most instances the TATA box is required for accurate tran8criptk)n initiatk>n. 
Further upstream, often between -80 and -100. there can be a promoter element with homdogy to the consen- 
ts sua sequence CCAAT (Brsathnach and Chambon (1981) supra In plants the CCAAT box may be substituted 
by a consensus sequence which Messing et a[. (1 983) have termed the AQQA box. p08itk>ned a simiiar distance 
from the cap sHe. Additional DNA sequef)ce in the 5' untranecribed regk>n are believed to be invdved In the 
modutatnn of gene expression. There are DNA sequences which affect gene expression in response to 
environmental stimuli, such as illumination or nutrient availability or adverse conditions induding heat shock, 
30 anaerobiosls, or the presence of heavy metals. There are also DNA sequences which control gene expression 
during developnrtent, or in a tissue-spedfic fashksn. Other DNA sequences have been found to elevate the over- 
all level of expression of the nearby genes; such sequences have been termed "enhancers* In animal and plant 
systems. In yeast. simHar stimulatory sequences are known whk;h are called '\jpstream activating sequences.* 
which also often appear to carry regulatory Information. Pronx)ters are usually positioned 5', orupsb^am. rela- 
35 twe to the start of the coding regton of the corresponding gene, and the tract containing all the ancllary elemenb 
affiBcting regulation or absolute levels of transcription may be comprised of less than 100 bp or as much as 1 
kbp. 

Among promoters that have been widely used In plant cell transformations are those of two genes encoding 
aicohoi dehydrogenase. Adh1 and Adh2 . Both Adhi and Adh2 are Induced after the onset of anaerobiosis 

40 (Frseting (1973) Md. Qen. Genet. 127:215-227). Of the two enzymes. Adhi Is the one of primary Importance 
during anaerobic conditions (Freeltng et a[. (1973) Bkx:hem. Genet 8:27-23). Maize Adh1 has been doned 
and sequenced (Dennis et a^. (1984) Nud. Adds Res. 12:3983-4000) as has been Adh2 (Dennis etal. (1985) 
Nud. Adds Res. 13:727-743). Adh 1 genes from other sources have also recently been doned and sequenced 
(Uiewdlyn et ai. (1987) J. Md. Bk)i. 195:115-123). Howard et al. (1987) Planta 170:535-540 examined the exp- 

45 re88k>n of the endogenous Adhi gene and a chimeric Mhl gene in maize protoplasts. The Adh1 chimeric gene 
ADH-CAT consists of the Adhi promoter linked to the cNoramphenlcol acatylbransferase <CAT) coding sequ- 
ences and nopailne synthase (nos) 3' signal. ADH-CAT, introduced into maize protoplaats t>y dectropcratkMi. 
was expressed approximately four-fold higher at tow oxygen concentrations than under control conditions. Exp- 
ression of ADH-CAT paraHeled the expresskin of the endogenous Adhi gene in maize protoplaata and the 

so anaerobtc response in ceO culture was qualitatively simflar to the response in matee seedlingsu Walker et al. 
(1 987) Proc. Natl. Acad. Sd. 84:6624-6628 Menttfled the sequence elements necessary for anaerobic inductton 
of ADH-CAT based on the expreaston of a series of In vitro nrranlpulatad ADH-CAT chimeric genea. They 
showed that there is an anaerobic regulatory element (ARE) between posltk>ns -140 and -99 of the maize Adhi 
promoter, and that the ARE is composed of at least two sequence elements, positkxis -1 33 to -1 24 and positions 

55 -1 13 to -99. both of which are necessary, and togettier are sufTident for kiw oxygon expression of ADH-CAT 
gene activity. 

It was further reported (Walker et al. (1987) supra) that the Adh2 gene of maize is also regulated by 
anaerobiosis and contains homology to the Adh1 ARE. The homology is approximataty 81 % in Region I of the 
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ARE and approximately 69% in Region II. Alao, the 5'-f1anking regions of the Adh genes from Arabktopsis and 
pea were reported to be not greater than 60% homologous to the maize Adh1 ARE over a 10 bp region. 

The 35S promoter of Cauliflower Mosaic Virus (Guilley et al. (1982) Cell 30:763-773; Odeil et al. (1985) 
supra) is one of the most frequently used promoters in plant transformation procedures. This dicot virus pfo- 

5 moter directs expression of genes introduced into protoplasts of dicots and monocols (Fromm et al. (1985) Ppoc. 
Natl. Acad. Sot. 82:5824-5828; Nagata et a[. (1987) Mol. Gen. Genet. 207:242-244; Odell et al. (1988) Rant 
Mol. Bid. 10:263-273). Quantitative measurements of relative transcript levels in transformed tobacco cells 
(Morolli et al. (1985) Nature 315:200-204; Nagy ©t ai. (1965), in Biotechnology in Plant Science; Relevance to 
Agriculture in the Eightiea . M. Zaitlin, P. Day. and A. Hollaender, (eds.). Academic Press, New York, pp. 227- 

10 236) or transgenic petunia plants (Sanders eta[. (1987) Nucl. Acids Res. 15:1543-1558) showed that the 35S 
promoter was at least 30 times stronger than the nos promoter. The strength of the 35 S pronx)ter accounts for 
Its widespread use for high level expression of desirable traits In transgenic plants. Fang et al. (1989) The Plant 
Cell 1:141-1 50 have shown by 5', 3', and Internal deletions that the -343 to -46 upstream fragment can be sub- 
divided into three functional regions. -343 to -208, -208 to -90. and -90 to -46. They showed that the first two 

15 regions potentiated b^nsoiptionai actNlty when tested with the appropriate 35S promoter sequence. In con- 
trast, the -90 to46 region by itself had little activity but it played an accessory role by increasing transcriptional 
activity of the two distal regions. 

Although, the CaMV 35S promoter is a strong promoter, driving high levels of RNA production in a wide 
variety of plants including plants well outside the host range of the virus, it has relatively low activity in the 

20 agriculturally significant graminaceous plants such as wheat (Lee eta[. (1987) In "Progress in Plant Protoplast 
Research." Proceedings of the 7th International Protoplast Symposium, Wageningen. The Netheriands, 
December 6-11,1 987. Puite et ai. (eds.); Hauptmann et al. (1 987) Plant Cell Rep. 6:265-270). Conversely, the 
nnonocot promoter from the Adeh 1 gene of maize gives very low expression in protoplasts of the dicot Nicotiana 
plumbaginifolia (Ellis etal. (1987) EMBO J.6;11-16), These observations suggest that there may be differences 

25 between monocots and dicots with respect to transcription factors and the recognition of promoter sequences. 
The level of expression of a transgene can often be increased by the addition of enhancer elements, cie- 
acting sequences which increase the level of transcription from a promoter (Banerjl ^ al. (1981) CeB 27:299- 
308). As defined by Khouiy and Gnjsa (1983) Cell 33:313-314, an enhancer is one of a set oT oukaryobc 
promoter elements thatappearsto increase transcriptional efficiency in a mannerrelatively independent of posk 

30 tion and orientation with respect to the nearby gene. The prototype enhancer is found within the 72 bp repeat 
of SV40. It Is locatad more than 100 bp upstream from the transcription start site, and has a consensus sequ- 
ence of GTGGAAA(orTTT)G. As a rule the animal or animal virus enhancers can act over a distance as much 
as 1 kbp 5', in either orientation, and can act either 5' or 3' to the gene. The sequence motif is generally reiterated 
several times. Enhance™ have been used in animal virus systems to study genes with weak promoters (Lee 

35 et al. (1981) Nature 294:22a-232; Huang et al. (1981) Ceil 27:245-255). There have been sequences from plant 
genes described which have homology to the animal enhancer consensus core sequence. Odell et al. (1985) 
Nature 313:810-812 have shown that sequences between -105 and -46 are required for maximal expression 
of the CaMV 35S promoter. Contained within that region is a sequence partially homologous to the animal enh- 
ancer core consensus sequence. It has been shown further by Bouchez et ai- (1989) EMBO J. 8:4197-4204 

40 that a 31 bp fragment from -89 to -59 of the 35S promoter contains a binding site for a nudear protein factor 
present In make and tobacco nuclei (Singh etal. (1989) Proa f^ti. Acad. Sci. 86:3733-3737) and la essential 
for maximal activity of the pronnotar. SImiar enhancer sequences have been found In upstream regions of the 
figwort mosaic virus (FMV), the camatton etched ring virus (CERV), and of seven T-DNA opine synthase genes 
from Rl and Tl plasmkSs. 

46 Ellis et^. (1987) EMBO J. 8:1 1-16 have shown that deletion of upstream sequences of the Adh1 promoter 

(from posittons -1094 to -140) gave an AdhI gene construct having only extremely tow expression in transgenic 
tobacco. However, activity was readily detected when sequences with enhancer-like properties derived from 
two constitutive genes, octopine synthase (ocs) and the CaMV 35S gene, which are expressed in dicot plants, 
are placed upstream Of the maize Adhi promoter region. It was shown that the Tirst 247 bp c0 sequence 

SO upstream of the translatkjn initiatfon codon of the maize Adhi gene confers anaerobic regulation and accurate 
transcription inKiatton to the hybrid gene in transgenic tobacco. It was further shown (Blis et al. (1987) EMBO 
J. 6:3203-3208) that a 176 bp DNA sequence derived from the upstream region of the o^ pronrtoter functions 
as^n enhancer In protoplasts of Zeamays. a monocot plant, and Nicotiana plumbaginifolia , a dicot plant. This 
178 ocs sequence was reported to function in both orientatkans, but Its enhancing acth^ity was found to be 

55 dependent upon Its distance from the Adhi promoter, and also to result from the presence of a 1 6 bp palindrome 
having the sequence ACGTAAGCGCTTACGT. 

In other studies Kay etal. (1987) Science 236:1299-1302 reported aten-fold higher transcriptional activity 
in transgenic tobacco plants with a CaMV 35S promoter containing a duplication of 260 bp of CaMV 35S 
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upstream sequences. The duplicated region was reported also to act as a strong enhancer of heterologous 
promoters, Increasing the activity of an adjacent and divergently transcribed transferred DNA gene several hun- 
dred foid. 

It was also reported by Ow ot al. (1987) Proc. Natl Acad. Sci. 84:4 870-48 74 that multimers of the distal reg- 

5 ion of the 3 5S promoter (between positions - 143 and -89) were able to activate the 35S promoter core to even 
greater levels of expression than the native 35S promoter. It was farther reported by Fang at al. (1989) supra 
that monomers and multipies of an upstream 35S promoter fragment (-209 to -46) can act as enhancers to 
potentiate transcription firom a heterologous pronwter. In these studies eight copies of the upstream region be- 
tween positions -209 to -46 of the 35S promoter were cloned at posttion -50 of the rbcS-3A (small subunit of 

10 the ribulose bisphosphate carboxylase) gene; the octamer increased the rfacS-3A transcript to a level even 
higher than that obtained with the rfac$-3A upstream region (Fang et a[. (1 989) supra) . 

Enhancers obtained from sources such as viral or bacterial genomes were shown to function In enhance- 
ment of expression in plants of a desred gene, in one such case, the species-specificity of a promoter was 
modified by the addition of the octoplne synthase (OCS) enhancer from Agrobacterium tumefaciens to the 

1$ maize Adh1 promoter (Ellis et^. (1987) EMBO J. 6: 11 1 6). After addition of the OCS enhancer, the maize Adh i 
promoter is able to give strong anaerobically inducible expression in transgenic tobacco plants. In another case, 
rt was reported that when the OCS enhancer is placed directly adjacent to the ARE, the OCS-ARE construct 
shows maximal expression in maize protoplasts and CAT expression is not further increased by anaerobic 
stress (Peacock et al. (1 987) in Plant Gene Systems and Their Biologv, Alan R. Uss. Inc.. pp. 263-277). It was 

20 also reported (Callis et al. (1987) Genes and Dev. 1:1 183-1200) that the Inclusion of the maize Adh1 Intron 1 
downstream of the Adhi promoter in the untranslated leader has been shown to increase expression tenfold 
from a chloramphenicol acetyltransferase (CAT) maritergene introduced into nraize protoplasts. 

Summary of the Invention 

25 

A primary object of this invention is to provide a recombinant promoter molecule which wil enable those 
skilled in the art to obtain reliable high levels of expression of introduced genes In target cells. This object is 
to be accomplished by utilizing combinations of enhancer sequences from the 5' untranscribed regiona of plant- 
expressible genes. In the preferred embodiment, enhancer sequences m derived from the upstream region 

30 of the maize alcohol dehydrogenase 1 (Adhi) gene and the octopine synthase gene and, most preferably, con> 
prise a plurality of or a combination of enhancer elements, e.g., comprising the anaerobic regulatory element 
(ARE), the octopine synthase element (OCS) and the Intron 1 from the Adh1 gene. 

It is another object of this Inventton to provide an improved promoter construct whteh will give ten to frfty-fold 
higher expression of an introduced marker gene in monocot suspension cell protoplasts than Is obtained with 

35 the Cauliflower Mosate Virus 35S (CaMV 35S) promoter. It is profen-ed that the recombinant promoter molecule 
of this Inventton contain multiple copies of the ARE grouped together in either a spaced or adjacent relation to 
each other, and multiple copies of OCS element grouped together in either a spaced or adjacent relation to 
each other. It is more preferred that the ARE elements be positioned 5' to the OCS element and that the ARE 
and OCS elements be positioned 5' to the TATA box region. In an exen^plified embodiment, the improved pn> 

40 moter construct for nx>nooots comprised six tandemly repeated copies of the ARE of the maize Adh1 gene, 
four tandemly repeated copies of the OCS element from the octopine synthase gene of Agrobacterium tun)afa- 
cierw (OCS). the TATA box region firom a plant-expressible promoter, an intron which Is part of the untranslated 
leader of a plant-expressible gene, e.g. Intron 1 (part of the untranslated leader from nucleotide -1 19 to +672) 
of the maize Adhi gene. ^ plant-expressible structural gene, e.g., the E. coli p-glucuronidasa gene (6US) and 

45 a ptar)t-exprsssible tenminatton signal, e.g., the nos terminator from the nopallne synthase gene of Agrobao- 
terium tumefaciens. 

Another object of this invention is to provide an improved pronwter construct which will give enhanced exp- 
re88k>n of marker genes over the CaMV 35S promoter in monocot cells, e.g.. approximately about a sbcteen-fbid 
enhancement in bariey; and seven- to ten-fold higher expressbn of marker genes than the CaMV 358 promoter 

90 in protoplasts of dloot cells. It is preferred that the recombinant promoter nriolecule contain multiple copies of 
the OCS element which are positraned in a spaced or adjacent relatton to each other. In an exempHfiad embo- 
diment, the improved promoter construct comprised four tandemly repeated copies of the OCS. a TATA box 
region from a plant-expressible promoter, e.g. a truncated CaMVA35S promoter (deleted to nucleotide -90), 
an Intron which is part of the untranslated leader of a plant-expressible gene, e.g. Intron 1 from the nuUze Adh1 

55 gene, a plant-expressible structural gene, e.g. the GUS coding region, and a piant-exprassibie termination sig- 
nal, e.g. the nos terminator from the nopallne synthase gene of Agrobacterium tumefaciens. 

It is also an object of this invention to enable the development of an effective selectkin system for trane- 
fbrmed plant ceils. Such an improved selection system is based on a reliable enhancement in expression of 
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structural genes in transgenic tissues. For example, the recombinant pronruiter constructs provided by this 
invention, when liniced to an antibiotic resistance gene, are useful for generating an increased level of antibiotic 
resistance for selection during transformation. 

Another object of this invention is to provide a recombinant promoter construct designed to exhibit high 

5 level, tissue specific expression in plants. In an exemplified embodiment, the p40CSA35SIGN construct of this 
invention showed superior utility for leaf specific expression. 

This invention also provides a method for obtaining high level expression of desired genes in monocot plant 
cells. Such desired plant-expressible genes, as l<nown to those sidlled in the art include the crystal toxin protein 
gene of Bacillus thuringiensis, glyphosate resistance genes, modified seed storage protein genes and the \ike, 

10 This method involves the construction of a recombinant pronrx)ter molecule which, in an exemplified emtxxji- 
ment comprises multiple AREs and/or multiple OCS elements positioned 5' to a plant-expressible truncated 
promoter providing a TATA box region and optionally, followed in the 3' direction by the Intron 1 of the maize 
Adh1 gene, a plant-expressibie structural gene (e.g.. the GUS gene) and the nos tenminator from the nopaiine 
synthase gene of Agrobacterium tumefeiciens. In a prefenred embodiment, six copies of ARE and four copies 

IS of OCS were employed in the constructions of pronrioter constructs. 

It is another object of this invention to provide a method of rendering an inducible gene constitutive with 
respect to regulation of gene expression. In an exemplified embodiment of this invention, the Adhi promoter, 
which normally functions in response to anaerobiosis. is designed with enhancer elements and enabled to show 
high level gene expression in a constitutive manner. 

20 The construction of recombinant prorrroter molecuies Is accomplished by conventbnal techniques using 

plant enhancer fragments as described above. Further, the construction of such DNA molecules can employ 
specific sequences from known genes as described herein or functionally equivalent sequences from other 
sources wHIch have been shown to confer enhancement of expression of heterologous genes placed under 
their regulatory control, e.g. the 780 T-DNA enhancer. Other truncated plant-expressible promoters, instead of 

25 the truncated Adh1 promoter and the truncated CaMVA35S pron>oter. can be employed to provide the neces- 
sary TATA box sequences in these constnictions. Any plant-expressible structural gene can be used in these 
constructions. 

After construction, the recombinant DNA expression system comprising an improved promoter molecule 
as described herein is introduced into plant tissue so that the enhancer elements/truncated prorT>oter/structural 
30 gene combinations are expressed at high levels in the desired plant tissue, preferably in monocot tissue. Trans- 
formation of plant cells and tissues with foreign DNA can be achieved in a number of ways known to the art. 
In an exemplified embodiment, the technique of electroporation was used. 

The method of the present invention is generally applicable to the expression of structural genes in both 
monocotytedonous and dicotyledonous plants. This method, utdlzing a promoter constructed for monocots, is 
35 particularly applicable to the family Graminaceae, in particular to maize and wheat 

Other objects of this invention are plants, plant cells and plant tissues containing the recombinant promoter 
nrtolecules described herein. Further objects are vectors and expressbn cassettes comprising the said reconD- 
binant promoter nrralecules, and bacterial cells comprising such vectors suitable for maintenance, replication 
and plant transformatk)n. 

40 

Brief Description of the Figures 

Figure 1 is a schematic representation of the DNA combinations used in the construction of different recom- 
binant pronwter molecules, (a) Generalized plasmid used for assaying promoter activities of promoter regions 

45 X. (b) Structures of pronvoter regions X in the different constructs, (c) AADH promoter TATA box and transcrip- 
tion start site are indicated. There are no ATG translation starts downstream of the transcription start site, (d) 
A35S pronnoter. TATA box and ocs-elerrwnt are indicated, (e) 6AFIE element Regions I and II of each ARE 
(positions -140 to -99 in the maize Adh1 gene) are indicated. The element consists of one ARE in the natural 
orientation preceded by five AREs in the reverse orientatton. (0 40CS element The element contains four 40 

so bp direct repeats of the -21 1 to -172 region from the OCS gene. All base numbering in (c) to (f) indteates the 
natural positions of bases in the sequences of the genes from which the constructs were derived. 

Detailed Description of the Invention 

55 The following definitions are provided in order to remove ambiguities in the intent or scope of their usage 
in the Specification and dainrts. 

Expression refers to the transcription and translation of a structural gene so that a protein is synthesized. 
A promoter refers to the sequences at the 5' end of a structural gene which direct the initiation of transcrip- 



5 



EP 0 459 643 A2 

tion. Promoter sequences are necessary, but not always sufficient, to drive the expression of a downstream 
gene. Eukaryotic promoters generally contain a sequence with homology to t^e consensus 5'-TATAAT-3' 
(TATA box) about 10-35 bp 5' to the transcription start (cap) site, which is by convention numbered bases 
3' to the cap site are given positive numbers whie bases 5' to the cap site receive negative numbers reflecting 

5 their distances from the cap site. About 30-70 bp 5' to the TATA box there is often another promoter component 
with homology to the canonical fonri 5'-CCAAT-3' (R- Breath nach and P. Chambon (1981) Ann, Rev. Blochem. 
50:349-383). In plants the CCAAT "box* Is sometimes replaced by the AGGA "box" (Messing et al. (1983) in 
Genetic Engineering of Plants . T. Ko8ugeetal.(eds.), Plenum Press, pp. 211-227). Other sequences conferring 
tissue specificity, response to environmental signals or maximum efficiency of transcription may be found 

10 interspersed with these promoter elements or found further in the 5' direction from the cap site. Such sequences 
are often found within 400 bp of the cap site, but may extend as far as 1000 bp or more. 

A tnincated pnxnoter refers to the TATA box region comprising proximal sequences necessary for initiating 
transcription but excluding enhancer sequences. In this Invention It Is contemplated that a truncated promoter 
comprises the region between approximately 20O bp 5' and approximately 200 bp 3' from the cap site (i-l). 

15 and more preferably the region between approximately 100 bp 5' and approximately 110 bp 3' fmm the cap 
site. 

ADH refers generally to a plant-expressible alcohol dehydrogenase gene and, specifically, to the alcohot 
dehydrogenase gene from maize. 

Adh1 promoter refers to the DNA fragment spanning the region between nucleotide positions about -1094 

20 and at>out-106oftheaicohol dehydrogenase gene 1 from nrtalze. or a homologous fragment that is functionally 
equivalent. The sequence is numbered with the cap site designated as -1-1 according to the correction published 
by Qlis et al. (1987) supra. 

A preceding the symbol for a promoter (such as AADH for the Adh promoter or A35S for the 36S promoter) 
means that the promoter is tnjncated as defined herein. 

25 AADH refers generally to a truncated plant-expressible Adh promoter providing the TATA box sequences 
necessary for initiating transcription, and specifically to the tmncated Adhi promoter from the Adhi gene of 
maize spanning the DNA region from about nucleotide -100 to about nucleotide '^106, as described by Ellis et 
aj,. {1987b) supra, or a homologous firagment that is functionally equivalent 

A35S refers generally to a truncated, plant-expressible CaMV promoter providing the TATA box sequences 

30 necessary for initiating transcription, and specifically to the truncated 35S promoter from the Cauliflower Mosaic 
Virus (CaMV) 35S gene spanning the DNA region from about nucleotide -90 to about nucleotide +3, or a 
honrologous fragment that Is functionally equivalent The region between nucleotides about -90 and about -45 
in the CaMV 35S promoter contains an CCS element (Bouchez et al. (1989) supra) . 

ARE or ARE element refers to the anaerobic regulatory element as defined by Walker et al. (1 987) supra . 

35 or a homologous fragment that is functionally equivalent The ARE fragment firom the maize Adh1 gene spans 
a DNA region between nucleotide positions -140 and -99. The ARE Is composed of at least two sequence ele- 
ments, positions -1 33 to -1 24 and posttions -11 3 to -99, both of which are necessary and together are sufficient 
for low oxygen expression of Adh-CAT gene expression (Walker et at. (1987) supra) . The DNA sequences of 
Ragk)ns 1 and II must contain 5'-GGTTT-3'. and probably must contain S'-TGGTTT-3'. In this invention* it is 

40 contemplated that an ARE may consist of only Region t to the exclusion of Regk)n II. Furtt>er. It Is contemplated 
that functional plant ARE elements can be derived from anaerobically induced genes from alternate sources, 
which include, bui are not limited to, sequences from the upstream regk)ns of the genes for maize Adhi and 
Adh2 and n^ize aldolase. 

OCS or OCS elerrwnt refers to the 178 bp ocs enhancer fragment, spanning nucleotide positions -292 to 
40 -1 16, of the octopine synthase gene that was used to enhance the expression of the nrtaize Adhi promoter in 
transgenk; tobacco (Blis ^al. (1987) EMBO J. 6:11-16 and (1987) EMBO J. 6:3203-3208). or a homotogous 
Itagment that la functionaly equivalent The OCS comprises the OCS element which Is a 16 bp pallndromk: 
sequence. 5'-ACGTAAGCGCTTACOT-3\ that is an essential component of the o^ enhancer. The OCS ele- 
ment occurs between nucleotides -193 and -178 of the octopine synthase gene from Agrobacterium tumefa- 
50 dens. The presence of sequences homologous and functionally equtvalent to the OCS element have been 
klentifled In other sources (Bouchez et a[. (1989) supra) . It is contemplated that the OCS element employed 
in this invention also comprises sequences from other sources that show at least about 50% homology and 
flincUonal equivalence (Bouchez et §[. (1 989) supra) to the OCS element of ESia et sA, (1 987) EMBO J. 6:3203- 
3208. 

55 I in a promoter enhancer elen>ent destgnatkxi stands for Intron. 

Intron refisrs generally to a nucleotide sequence naturally found as an intron positioned between the tran- 
scription start sHa and the translation start site in a plant-expressible gene. The Intron specincally used in the 
Examples hereof is a 557 bp fragnr>ent firom Intion 1 of the maize Adh1 gene spanning nudeotfdes 119 to 672 
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(nudeotida numbering as per Dennis etal. (1984) Nucl. Acids Res. 12:3983-4000), or a honx)*ogous fragment 
that is functionally equivalent 

Emu or Emu cassette refers to an expression cassette consisting of the '6ARE40CSMDHr construct. 

pEmuGN is the abbreviation for the p6ARE40CSAADHIGN construct. 
5 G refers to the E. ooli glucuronidase gene. 

N refers to the transcription termination signal sequences from the nopaline synthase gene. 

High level of expression refers to expression of a desired gene under control of a recombinant promoter 
of this invention that is at least about 10- to 50-fotd higher in a rTX)nocot cell, than is obtained under control of 
the CaMV 35S promoter in the same plant system. 
10 Regulatory control refers In general to the nx)dulatton of gene expression induced by DNA sequence ele- 
ments, particuiarly those located upstream of (5' to) the transcription start site. Regulation may be analogous 
to an off/on switch which responds to environmental conditions, or regulation may result in variations in the 
level of gene expression. For example, the anaerobic regulatory element functions in such a way that down- 
stream gene expression results only when environmental conditions are anaerobic Experimental anaeroblosis 
15 refers to an atrrtoaphare containing 5% oxygen/95% nitrogen to which plant bssue, cultured cells or protoplasts 
are subjected. 

Placing a structural gene under the regulatory control of a promoter or a regulatory sequence elennent 
means positioning the structural gene such that the expression of the gene Is controlled by these sequences. 
Promoters are generally positioned 5' (upstream) to the genes that they control. In the construction of heterolog- 

20 ous promoter^structurai gene combirtations It ts generally preferred to position the pron>oter at a distance from 
the gene transcription start site that Is approximately the same as the distance between that pronnoter and the 
gene it controls in its natural setting, i.e., the gene from which the promoter Is dedved. As is imown In the art, 
some variation in this distance can be accommodated without loss of promoter function. Similarly, the preferred 
positioning of a regulatory sequence element with respect to a heterologous gene to be placed under tts control 

25 Is defined by the positioning of the element in its natural setting, i.e., the genes from which it te derfved. Again, 
as is kr)Own in the art and demonstrated herein with multiple copies of regulatory elements. son>e variation In 
this distance can occur. 

A structural gene is that portion of a gene comprising a DNA segment encoding a protein, polypeptide or 
a portion thereof. The term can refer to copies of a structural gene naturally found within the cell, txjt artmdalty 

30 introduced, or the structural gene may encode a protein not normally found in the plant cell into which the gene 
is introduced, in which case it ts termed a heterologous gene. A heterologous stiuctural gene may be derived 
in whole or in part from a bacterial genome or episome, eukaryotic genomic or plastid DNA. cONA, viral DNA. 
or chemically synthesized DNA. It is possible that a structural gene may contain one or more rrKKilflcations in 
either the coding or the untranslated regions which could affect the biological activity or the chemical structure 

35 of the expression product, the rate of expression, or the manner of expression control. Such nrK>difications 
include, but are not limited to. mutations, insertions, deletions, and substitutions of one or rrKirs nucleotides. 
The structural gene may constitute an uninterrupted coding sequence or it may include one or more Inlrons. 
bounded t>y the appropriate plant-functional splice junctions. The structural gene may be a composite <rf seg- 
ments derived from a plurality of sources, naturally occurring or synthetic The structural gene may also encode 

40 a fusion protein, so long as the experimental manipulations maintain functionality In tiie joining of the coding 
sequences. 

Honriologs of structural genes, enhancer or regulatory sequences, or other sequences are honnologous 
sequences ttiat are functionally equ^alent thereto, and have at least 50% homology thereto. Such sequences 
may be identified by those skilled in ttie art by the ability of their nucleic acids to cross-hybridize under conditions 

45 of appropriate stringency as is well understood in the art (as described in l-iames and Higgins (eds.) (1985) 
Nucleic Add Hybridisation , IRL Press, Oxford, UK). It will be understood that there may be minor sequence 
variations within sequences or fragments used or disclosed in tills application. These variations may be deter- 
mined by standard techniques to enable those of ordinary skfll in the art to manipulata and bring into utility the 
functional units of the regulatory elements, the promoter elements necessary to direct the initiation oftranscrip- 

50 tion, and the structural gene followed by a plant-expressible transcription termination (ar>d perhape polyadeny- 
lation) signal. 

For example, the OCS element was first isolated as an enhancer element in tiie promoter of tite o^ gene 
where it was identified as a 18 bp palindromic sequence (EOis et al. (1987) EMBO J. 6:11-16). The trarv 
scriptlonal enhancing activity of ttie OCS element correlated with in yjfro binding of a transcription factor. OCS 
55 elements were also Identified In tiie promoter regions of six other T-DNA genes involved in opine synthesis 
and tiiree plant vtral promoters including tiie CaMV 35S promoter (Bouchez et a^. (1969) supra) . These ele- 
ments were shown to bind the ocs transcription factor in vitro and enhance transcription in p*ant cells. Com- 
parison of the 20 bp mjcleotide sequences of tiiese ten elements (which show at least about 50% homology 
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to the OCS element first Identified in the ocs gene) has defined a 20 bp consensus sequence. TGACG(T/C)AAG 
(C/G)(G/A)(A/C)T(G/T)ACG(T/C)(A/C)(A/C), which Includes the 16 bp palindrome in its center In this invention 
It Is contemplated that the OCS element is exemplified by, among othere, any of the ten enhancer elenr)ents 
identified above in Bouchez et al. (1989) supra , the consensus sequence and nucleotide sequences having 

5 50% homology to the OCS element first identified in the ocs gene described by Ellis eta[. (1967) EMBO J. 6:11- 
16. It is further contemplated in this invention that DNA fragments showing at least about 50% honDology to the 
ARE elen^nt first described in the maize Adhi gene show functional equivalence to the ARE element and can 
be used in place of an ARE element in recombinant promoter consbucta. 

Plant tissue includes differentiated and undifferentiated tissues of plants, including, but not limited to, roots 

10 shoots, leaves, polien. seeds, tumor tissue, and various fomis of cells In culture, such as single ceas. protop- 
lasts, embryos and callus tissue. The plant tissue may be in planta or in organ, tissue or celt culture. 

Production of genetically nrKxiified plant tissue expressing a structural gene under the control of regulatory 
elements and a downstream pron>oter combines the teach ings of the present disclosure with a variety of techni- 
ques and expedients known in the art. In most instances alternate expedients exist for each stage of the overall 

15 process. The choice of expedients depends on variables such as the plasmid vector system chosen for the 
doning and introduction ofthe recombinant DNArTK)lecule, the plant spedestoberxxiifled, the particular struc- 
tural gene, pronxiter elements and the regulatory elements used. Persons skilled in the art are able to select 
and use appropriate alternatives to achieve functionality. Culture conditnns for expressing desired stnjctural 
genes In cultured cells are known to the art Also as in known to the art, a number of both monocotyledonous 

20 and dfcotytedonous plant species are transfonmabie and regenerabte, such that whole plants containing and 
expressing deaired genes under regulatory control of the promoter molecules of this inventk>n may be obtained. 
As is krKiwn to those skHied in the art. expression in b'ansfonmed plants may be tissue-spectflc and/or specific 
to certain developmental stages. Truncated prortoter selection and sbuctural gene selectk>n are paranretera 
which may be optimized to achieve desired plant expressk>n, aU as known to those skilled in the art and as 

25 taught herein. 

This Invention Is baaed in part on the discovery by Applicants that replacement of part of the nrtaize Adh 1 
promoter from position -35 to +106 with the CaMVA35S promoter truncated to positton -45 gave a hybnd pro- 
nrKiter whk:h retained the anaerobic regulatk)n of the parent gene when assayed in maize protoplasts. However, 
If a CaMVA35S pron>oter truncated to -90 was used Instead, expression was again constitutive. The regbn be- 

30 tween -90 and -45 in the CaMVA35S promoter was shown to contain an OCS element (Bouchez ^ al. (1989) 
supra) , a 20bp consensus sequence containing a 16bp palindrome originaity identlTted in the OCS enhancer 
fragment (Ellis et a[. (1987) EMBO J. 6:3203-3208). Thus, the coupling of the OCS element from either the 
CaMVA35S promoter or a fragment of the g» gene together with the maize Adh 1 promoter upstream region 
gives a construct whk^ is constitutively expressed in maize cells. 

35 It was further found that the array of four tandemly repeated OCS elements (40CS) had stronger activity 
than a sirigle OCS elenrtent in enhancing expression of a CAT gene driven by the Adhi promoter. SimBarly. 
replaa'ng the single ARE in the maize Adh1 Prorrxiter with 6 tandemly repeated ARE, was shown to give an 
eleven-fold increase in expression under an aerobk: conditions. 

In this inventton, a number of DNA constructs were prepared to enable high levels of expression of structural 

40 genes in plant cePs. A series of promoters were conatructed (see Rgure 1) based on either a truncated nnaize 
AdM promoter (spanning nudeotides -100 to +106, Ellis etal. (1987) EMBO J. 6:3203-3208) or a truncated 
35S promoter (spanning nudeotkjes -90 to +3), Various combinations of OCS elements and AREs wara added 
upstream in an attempt to make a highly expressing promoter. Additionally, a fragment containing ttie Intron 1 
of the maize Adhi promoter was inserted between the promoter and the structural gene in some of the con- 

45 stnjcts. 

The relatfva strengths of the recombinant pronnoters were assessed in protoplasts of one dioot arui four 
monooot ceil lines by assaying the product of the reporter gene, e.g., GUS enzyme activity, 44 - 48 hours after 
the DNA constructs were introduced into the plant protoplasts by electroporatlon. The results presented in Table 
1 were nomraltzed by taking the value for p35SGN to be 1 .0. This normalizatkin reduced the vartatkan observed 

60 between experinnents carried out on different protoplast praparattons. Values shown are means of at least five 
and up to eight replica experiments using protoplasts from at least three different isolations. The range of sped- 
ff c activities of GUS produced using p35SGN, p40CSA35SIGN and p6ARE40CSAADHIGN are shown in Table 
2. Although in many cases the values of GUS spedfk: activity varied considerably between replicates, their rank- 
ing order was generally the same between raplk^ates within each plant species. Relative expression levels were 

55 not dependent on the selection of a desired structural gene. It is emphasized that the standard conditk>n8 in 
this study employed a relatively low amount of DNA (1 .2^g/10^ protoplasts). It was found that this concentratk>n 
of DNA gave the clearest differential response in GUS enzyme activity between different constructs. Higher 
GUS activities were observed for some of the less efficient constructs when the DNA concentratkMis were 
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increased. 

As shown in Table 1, in alt moncxiot cell lines tested, e.g., maize, wheat, einkom (TriHcum monococcum) , 
lolium fLolium multlflomm) and rice, the CaMVA35S promoter showed weak expresskan; the martcer GUS gene 
expression was comparable to that reoorded for the "promoter-less" constructs pGN and pIGN. In general, con- 

6 atructs based on the truncated Adh1 promoter were expressed more highly in monocots than those based on 
the truncated CaMVA35S promoter. A consistently high level of expression in the monocot cell lines was given 
by those constructs in which six ARE efements wore linked to the maize Adhi promoter in the presence of the 
maize Adhi Intron 1 . The construct p6ARE40CSAADHIGN, which includes additionally four copies of the OCS 
element, showed the highest expression In all the monocot cell lines. This plasmid gave a ten- to fTfty-fbId 

10 increase in GUS expression over the CaMVA35S promoter in su8pen8k>n oell protoplasts of the monocots. The 
high expression obtained with this construct most probably resulted from several factors. The use of the nrrano- 
cot TATA box from the maize Adh1 gene undoubtedly made a positive contribution. The untranslated leader 
from the maize Adhi gene la tong (106 bases) in this construct, a factor which may also be important, as deletion 
of the leader sequence from Che 3' end beyond position "t-so In the maize Adh1 gene was shown to abolish 

IS expresston in many systems. In general, the constructs based on AADH performed better than those based on 
A35S in the nxDnocot cefl lines. Conversely, the A35S-based promotera out-performed the AADH-based prom- 
oters In the dkx>t (NIcottana pittfnbaglnifolia) cell line. Inclusion of the maize Adhi Intron 1 gave an increase in 
expr©s«k)n with peAREAADHIGN and p8ARE40CSAADHIQN. but no effect of the intron was observed In the 
CaMVA35S promoter-based constructs. In the case of the 'pronrx>ter-tess' constructs, pGN gave r»o detectable 

20 GUS expressk>n above the background observed for protoplasts electroporated in the absence of DNA. How- 
ever, pIGN, which includes the maize Adhi Intron 1, gave a low measurable GUS acthrfty. 

Another irtpartant factor contributing to the high level of expression obtained from p6ARE40CSAADHIGN, 
was the presence of multiple copies of OCS elements and AREs. The OCS element is a strong enhancer which 
has been shown to functk>n in both dicots and monocots (Ellis et at. (1 987) EMBO J. 6:3203-3208) and addition 

25 of five extra copies of the ARE increased expression from the maize Adh 1 Promoter when assayed tn maizo 
protoplasts. The GUS marVergene can be replaced with the coding regions of other plant-expressible structural 
genes. Hence, the cassette '6ARE4OCSAA0Hr is useful where a high level of gene expression is required in 
cultured nr»onocot cells. The '6ARE40C$AADHr cassette has been code named the 'Emu' cassette and, 
accordingly, the p6ARE40CSAADHIGN construct has been abbreviated to pEnxiON. 

30 The plasmid p6ARE40CSAADHIQN was shown by the inventors to be anaeroblcally-inducibte in maize. 
Anaerobically-induced cells showed a greater than 10-fold increase in expression over aerobically grown cells. 
The pEmuGN construct of this inventton gave a higher level of expression than peAREAADHIGN, as documen- 
ted in Table 2. This suggested that addition of the OCS elements to promoter constructs allows the attainnDent 
of expresston levels equal to the anaerobk»lly induced level, even under anaerobic corxjitions. This suggestk3n 

35 was characterized further. The anaerobic induclbilitles of pEmuGN, pSAREAADHIGN and pdAREASSSIGN 
were determined using wheat (L1 ) protoplasts. Some samples were incubated in air at 25''C (aerobk;) with shak- 
ing whilst others (referred to as 'anaerobically-induced') were placed in a 5%02/95%h42 atmosphere and shaken 
at250C for the duratton of the incubation (44 to 48 hours). As shown in Table 3, pSAREAADHIGN was anaerobi- 
cally induced about three-fold in wheat (L1) protoplasts. On the other hand, pEmuGN gave a simlar level of 

40 expresskKi under both anaerobic and aerobk; conditk)ns. which was greater than the fully induced expression 
from peAREAADHIGN. Thus, the addition of the 40CS element to p6AREAADHIGN overrides the raquirament 
for anaerobic Induction. The analog of p6AREAADHIGN in whk:h AADH was replaced by A35S 
(p6AREA35SIGN) did not give a high enough level of expression to allow any inferences concerning Its 
anaerobic inducibility. 

45 As shown by the results presented in Table 1 , the addition of the 40CS element to the truncated promoter 
A35SI0N construct greatly Increased expression in Nicotiana plumbaginifolia protoplasts. The promoter In this 
construct is useful where a high level of gene expression Is required In dicots. The presence o^ the maize Adh1 
Intron 1 in this and other highly expressed constructs indicated that successful spicing of the maize intron takes 
place In Nfeotlana. A verskxi of p40CSA35SIGN without the intron (p40CSA35SGN) gave a similarly high level 

50 of expresston, showing that the presence of the Intron is not required for high level of expression in Nicotiana. 
Constnjcts based on the truncated Adhi promoter gave llttie or no expression in Nicotiana. except in the case 
of pEnrHiGN, which contains the 40CS elennent and which gave a similar level of expression to that given by 
the 35S prony>ter. 

Differences were noted between the relative performances of certain constructs in different cell lines. The 
55 construct pEmuGN gave a two-fold increase in expression over p6AREAADHIGN in wheat, einkom and rice, 
but in maize this ratio was five-fold and in Lolium multiflorum it was sixteen-fold, whteh is ctose to the value 
obtained for Nicotiana ptumbaginifolla (seventeen-fold). It is also observed that the constnict giving the highest 
expression in Nicotiana (p40CSA35SIGN) is also relatively highly expressed in Lolium (44% of the expresskxi 
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obtained with pEmuGN) whereas the corresponding value for wheat is less than 1%. These differences prob- 
ably reflect different complements of transcription factors in the dfferent cell lines. The Lolium eel! line may lie 
somewhere between the wheat and the Nicotiana cell lines in this respect 

The relative strengths of the different promoter constructs were also tested in leaf tissue, e.g., in mesophyll 

5 protoplasts of barley Hordeum vulgare) . As shown in Table 2, the barley mesophyll protoplasts required slightiy 
different electroporation conditions than did the other cells. For this reason, tiie absolute values obtained for 
barley are not strictly comparatrfe with those obtained for the celt tines, although it is dear that the relative levels 
of expression from the different promoters do differ martcedly from those observed in the established cell lines. 
The oonstrtjct pEmuGN gave no expression. The only construct that gave a level of expression significantiy 

10 above background was p4GCSA35SIGN. This construct gave a high level of expression In barley mesophyll 
protoplasts comparable to that observed with pEmuGN in the suspension cell protoplasts. This result suggests 
that pEmuGN woUd not be highly expressed in monocot mesophyl tissue. In maize, the Adhi gene is not exp- 
ressed In leaf tissue, suggesting that leaves may not contain the necessary transcription factors. 

The recombinant DNA molecule carrying the desired structural gene under the regulatory control of regu- 

15 latory elements nr^ay be introduced into plant tissue by varioua techniques known to those skilled in the art The 
technique used for a given plant species or specific type of plant tissue depends on the known successful techni- 
ques. Means for introducing reconr)blnant DNA Into plant tissue include, but are not limited to, transfonmation 
(Paszkowski et (1984) EMBO J. 3:2717-2722), electroporatton (Fromm et ^. (1985) Proc. Nati. Acad. Sd. 
USA 82:5824-5828), or mk^roinjection of the DNA (Crossway et ^. (1986) Mol. Gen. Ganet 2^179-165) or 

20 T-DNA-medlated transfer from Agrobacterlum to the plant tissue. Representative T-DNA vector systems are 
described in the following references: An et §[. (1 985) EMBO J. 4:277-284; Herrera-Estrella et al. (1983) Nature 
303:209-21 3; Herrera-Estrella et ( 1 983) EMBO J. 2:987-995; Herrera-Estrella et (1 9B5) in Plant Genetk: 
Engineering, CambrUge Unh/erslty Press, New York, pp. 83-93. Once introduced Into the plant tissue, the exp- 
ression of the structural gene may be assayed In a transient expression system, or it may be determined after 

25 selectk>n for stable integratk>n within the plant genome. Technk)ues are known for the in vitro culture of plant 
tissue, and in a number of cases, for regeneration into whole plants. Procedures for transfening Uie introduced 
gene fiiom the originally transfontDed plant Into commercially useful cultivars are known to those skiied in the 
art 

Except as noted hereafter, standard tachnkiues for cloning. DNA isolation, ampliflcatton and pur)ficatk)n, 

30 for enzymatic raactk^ns Involving DNA ligase, DNA polymerase, restrk:tk>n endonudease and the like, the PGR 
technk[ue and various separation technk^ues are ttiose known and connmonly emptoyed by those skilled In the 
art A number of standard techniques are described in Maniatis et al. (1982) Molecular aoninQ . Cold Sprrng 
Harbor Laboratory. Cold Spring Harbor, New York; Wu (ed.) (1 979) Meth. Enzymol. 68; Wu et al. (1 983) Meth. 
Enzymol. 100 and 101; Grossman and Mddava (eds.) (1980) Meth. Enzynx)!. 65; Miller (ed.) (1972) Experi- 

M menta In Molecular Genetics . Cold Spring Harbor Laboratory, Cold Spring Harbor, New York; OW and Prirrrose 
(1981) Principles of Gene Manipulation . Univereity of Califomia Press, Berkeley; Schteif and Weneink (1962) 
Practical Method in Molecular Btoloov: Gtover (ed.) (1985) DNA Ctoning Vol I and II, IRL Press, Oxford, UK; 
Hames and Higgins (eds.) (1985) Nudek; Ackj Hybridisation. IRL Press. Oxford, UK; Setk>w and Hollaender 
(1979) Genetic Engineerino: Principles and Methods . Vols. 1-4, Plenum Press. New York. Abbreviatnns and 

40 nomenclature, where employed, are deemed standard in the fiekf and conrtrrtonly used in professkinal Journals 
such as those dted herein. 

it is understood In the art that modifications may be made to the structural an^ngement and specfic enh- 
ancer arxl promoter elements of the recombinant promoter molecule described herein without destroying the 
improved enhancing activity of gene expresskm. For example. It Is contemplated that a aubstrtution may be 

45 made in the choices of plant-expressible enhancer and promoter elements without significantiy affecting the 
fUnctkxi of the reoombinarrt promoter nulecule of tills inventbn. Further, ft la containplatad that nudeotkle sequ- 
ences homologous to ttie active enhancer elements utilized herein may be employed advantageously, eltiier 
as a substitutJon or an addition to the recombinant promoter construct for Improved gene expression in plant 
cells, 

50 Applkaints have shown that a high level of gene expression can be obtained using a plurality of enhancer 
elements in combination with truncated promotere In plant spedes inchjding both monocots and dicota. Selec- 
tion of appropriate elements to optimize expres8k>n in any particular species is a matter of ordbary akil in tite 
art utilizing the teachings of this disclosure, e.g., tiw guktanoe provided In the tables hereof. ItwRI also be under- 
stood that optimization of gene expresston also results from the arrangement orientation and spacing of the 

55 different enhancer elements as well as the multiple copies of a particular element with respect to one another, 
and with respect to tt^e positkin of the TATA box, as will be apparent to tiiose skilled In tiie art using the teachings 
of this disctosure. 

It will be appreciated by those of ordinary skill In tiie art that the objects of this invention can t>e achieved 
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without the expense of undue expertmentatfor using well known variants, modrftcatlons, or equrvatents of the 
methods and techniques describad herein. Tha skilled artisan will also appreciate that aitemative nneans, other 
than those specifically described, are available in the art to achieve the functional features of the reoomblnant 
promoter molecules descnbed herein and how to employ those alternatives to achieve functional equivalents 
5 of the recombinant promoter molecules of the present invention. It Is Intended that the present invention include 
those variants, modifications, alternatives and equivalents which are appreciated by the skilled artisan arxi 
encompassed by the spirit and scope of the present disclosure. 

The foNowIng Examples are provided for Illustrative purposes only and are not Intended to limit the scope 
of the Invention, 

10 

EXAMPt£3 

Example 1. Construction, of plaamids containing hybrid promoters 

15 Standard molecular biological techniques were canried out according to Maniab's et at. (1982) Molecular 
Cloning: a laboratory Manual. Cdd Spring Hat>or Laboratory. Cold Spring Harbor, New Yoik. All plasn^ 
utilzed In the Invention can be prepared according to the directions of the Spedficatton by a person of ordinary 
skill in the art without undue expshmentatk)n employing materials readily available in the art 

20 (a) p35SGN. p3SSlQN, pGN and plGN constructs 

The plasmkl p35SQN was dertved by ligattng the 800 bp Hindlll/EooRI fragment from pBI121 containing 
the CaMVA35S promoter driving the ^kicuronidase (GUS) gene linxed to the NOS 3'-tefmlnatfon signal (Jef- 
ferson et al. (1987) EMBO J. 8:3901-3907) into pUC118 (Vieira and Messing (1987) Methods Enzymol. 153:3- 

25 11). To construct p35SION, a 557 bp fragment from intron 1 of the maize Adh i gene spanning nucleotidee 119 
(Bdl) to 672 (Bal31 - deleted) was end-filled with the Klenow fragment of Escherichia coli DNA polymerase 
and cloned Into the Sma l site in pBI121. In p35SIGN the CaMVA35S pronnoter, Intron 1, Ous gene and nos 
3Menminatk)n signals were sub-doned as a single Hindlll-EooR1 fragment into pUC118. 

To produce the promoterieas control plasmkj, pIGN, the intron 1-GUS-NOS-fragnwTt in p35SIGN 

30 fBam HI-EcoRI) was doned into pUC118. The plasmid pGN was derfved from pIGN by replacement of the 
BamH 1 /Sad fragment containing intron 1 of maize Adhi and GUS by the Bam HI/SacI 'GUS' fjragment from 
P35SGN. 

(b) PA35SQN and pA35StGN constructs 

35 

PlasmkJs pA35SGN and P&35SIGN were derived from pGN and plGN by additk>n of the 
Sal1/BamH1 'A35S' fragment from pA35S(-90). The parent plasmWs, p35SCN and p35SICN. were fully des- 
cribed in Walker eta[. (1987) Prxx:. Natl. Acad. Sci. 84-^'^-^28. A Sail linker was inserted into the EcoRI 
site (nudeotWe 7665) of the CaMVA35S promoter in p35SCN at position -90; the Sail to Hindu 1 fragment 
40 containing the truncated 35S promoter fragment CAT gene and 3'-termlnation signal was subsequently doned 
into pUC19 to yiekJ pA35S(-90). The truncated promoter was determined to have an endpoint 45 bp upstream 
from the cap site of the 35S pronnoter (OdeO et al. (1985) supra) and to retain its TATA box. butupstream sequ- 
ences required for expressbn of 35SCN were deleted. 

45 (c) pSAREAADHGN and p6AREAADHIGN 

The constiuctton of parent vectors, pADHCAT and pADHCAT-140, Is described in Walker et al. (1987) 
supra. The BamHI fragnient containing the Adh1 pfonwter (from positton -1094 to positk)n +108) was doned 
upstream of the Adh i Intron 1 sequence in pfGN to produce pADHION. Truncated Adh1 promoter fragments 

50 spanning position -140 to positton 1-108 were subdoned Into pGN and pIGN from pADHCAT-140 to yiekl 
pAADHGN and p^DHIGN. 

An anaerobic regulatory elements (ARE) is found between positk>ns -140 and -99 of the nrtatza Adh1 pro- 
nnoter. The ARE Is composed of hvo sequence elements: Regk)n I spanning poeltkins -1 33 to -124 and Region 
II spanning posltkxw -113 and -99. An ARE was isdated as a Psti fragment (Walker etal. (1987) supral and 

55 doned upstream of the truncated Adhi Promoter in pAADHIGN to yield pAREAADHK^. To reverM th» oderv 
tatton of the ARE the Sdl fragment from the pdyiinker (upsb^am of positton -140) to positton -99 In 
pAREAADHIGN was cloned Into the unique Sa[1 site in pAADHIGN, producing pARE(-)AADHIGN. Ctones con- 
taining multiple ARE sequences (e.g., p2AREAADHIGN, p4AREAADHIGN. or pSAREAADHIGN) were doned 
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as follows: pAREAADHIGN was digested with Hind 1 and Pst 1 linkers were added. The Pst 1 fragment con- 
taining ARE from position -140 to -99 was then isolated and cloned back into pAREAADHIGN, upstream of the 
Psti site (position -140). The number of repeated ARE sequences and their orientation were verified by nuc- 
leotide sequence analysis. 

5 The plasmid p6AREAADHGN was derived from p6AREAADHIGN by replacement of the Bam HI/SacI frag- 

ment containing Intron 1 of maize Adh1 and GUS by the Bam H1/ Sad 'GUS' fragment from p35SGN. 

(d) P40CSA35SIGN. p6ARE40CSAADHIGN and p6ARE40CSA35SIGN constructs 

ID The OCS element was isolated as an EcoRI- Bam HI firagment containing the Hgall (-292) to Bam HI (-116) 

portion of the ocs upstream promoter region (DaGene etal. (1982) J. Mot. Appl. Genet. 1:499-510) as described 
in Ellis etal. (1987) EM BO J. 6:11-1 6 and (1987) EMBO J. 6:3203-3208. A plasmid, p40CSADHCAT, containing 
four tandem copies of the ocs-element from the OCS gene was prepared according to Ellis etal, (1987) EMBO 
J. 6:3203-3208. The 40CS element was prepared as a Sal1/Xho1 fragment from p40CSX. a derivative of p- 

15 40CSADHCAT made by blunt end ligation of and Xlo1 linker into the Sma l site. The 40CS element was added 
at the Sa[1 site In pA35SIGN to give p40CSA35SlGN and at the Sail site In p6AREAADHIGN to give 
P6ARE4OCSAA0MIGN, both with the same orientation of the40CS array, as illustrated in Plgura 1e. The plas- 
mid P6ARE40CSA35SIGN was derived from p6ARE40CSAADHIGN by replacingthe Sal1/EooR1 fragment 
containing 'AADHIGN' wrth the Sal1/EcoR1 fragment of pA35SIGN. 

20 

(e) P6AREA35S1GN and p6AREA35SGN constructs 

The plasmid p6AREA35SIGN was derived from p6AREAADHQN by replacing the Sall/EcoRI fragment 
containing 'AADHQN' with the Sall/EcoRI fragment from A35SIGN. The plasmid p6AREA35SGN was dertved 
25 Itom pBAREAADHGN by replacing the Sal1/BamH1 'AADH' fragment with the Sal1/BamH1 fragment from 
pA35S<-90). 

(f) Purffication of Plasmid QUA 

30 Plasmid DNA of the above constructs was prepared from E. ^ JM1 09 (Yanisch-Perron et al. (1 985) Gene 

33:103-119) and purified by two rounds of centrifugation in CsQ gradients. The final preparations were resus- 
pended at 1 mgAnJ in lOmM Tris-HCI. pH 6.0. ImM NasEOTA and aliquots were chedced by DNA sequencing 
using a Pharmacia T7 kit and by the sizing of restriction firagments in a triple dlgestk>n witti 
Hindi 11/Sa[1 /Bam HI and a double digestion with Pvu1 1/ Sma 1. to ensure that no sequence rean^ngements 

36 had occurred. Only those preparations showing no spurious bands in gel electrophoresis were used in subse- 
quent electroporatnns. 

Exanryle 2. Rant cell culture and protoplast isdatton 

40 Protoplasts were isolated from the following cell lines. TM, an established line of einkom (Tritteum mono- 
coccum) (Koa et al- (1970) Can. J. Genet Cytol. 12:297-301); BMS from Zea mays cv. Black Mexk»i Sweet 
(Chourey and Zurawski (1981) Theor. and Appl. Genet 59:341-344); LI, a disomicaddltton line in the hexapk>kJ 
wheat culthw VHmorin 27 containing two group 7 chromosomes ftom Thinopyrum intermedium in addKkin to 
the 42 wheat chromosomes, and produced by backcrossing a paitla) amphiploid hybrid between wheat and 

45 Thinopyrum Intermedium to wheat (cv VBmorin 27); LM, a line derived from endospemi of Lollum multifiorum 
(Smith and Stone (1 973) Aust Jo Bk)lo Sd. 26 :1 23-1 33); HpTs derived from a leaf protoplast culture of NIcotlana 
plumbaglntfolia: and ER. an embryonk: culture of Oryza sativa cv. Taipei 309 Initiated from immature embryos 
arid maintained in Ikjuld suspension cuire for four months. The media used for the maintenance of the cell sue- 
pen8k)ns. the enzymes used for isotatkm of protoplasts, and the media used for protoplast culture were prep- 

so ared as indkated in Table 4. 

Example 3. Electroporatton of protoplasts 

After complete digeston, protoplasts were sieved through 328, 110 and SOpm mesh sieves (twice through 
95 the 50 ^m sieve in the case of the L1 and TM lines). Following sedlnMntatton by slow speed centrifugation (80g 
for 5 minutes), the protoplasts were resuspended in the washing soluton found best suited to the partk»jlar 
cell type (see Table 1). The bariey mesophyll protoplasts were washed in 0.375M mannitol, lOmM MES, pH 
5.8, 205mM NaO, 3.5mM KQ. 9.4mM MgS04, 8.4mM MgClj, 3.4 CaClx. and 0.875mM NaHCO,. 
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The protoplasts were again sedlmented. washed, sedimented and resuspended (Taylor and Larkin (1988) 
Austr. J. Biotech. 1:52-55) in TBS9 buffer (Tris 3.63 g/!, CaCl2.2H20 876 mg/l. NaC 8.78 mg/l. mannitoi 50 g/I, 
pH 9.0) at a concentration of 2 x 10* protopiasts/mi. 

Inwwdiately before eiectroporation, 200 ^ of the protoplast suspensron (100^1 in the case of bariey 

6 mesophyil) was added to a tube containing S^J of plasmid DNA dissolved in 5^1 of lOmM Tris Ha. pH 8,0, IniM 
NajEDTA. The mixture was transferred to an electroporation chamber (2mm between electrodes) and three 
pulses of 275V (1375 V/cm). with a piise width of 5ms and a delay of 100ms. were applied between electrodes 
firom a 24nF capacitor (200V was used in the case of the barley meeophyH protoplasts). After allowing the pro- 
toplasts to recover for 5 seconds, the protoplast suspension was pipetted back into a microfuge tube to which 

10 600 ^l washing solution was added. The tubes ware spun gently (<100g) for 5 minutes, the supernatant 
removed ar>d the protoplasts resuspended in 1 ml of culture medium. The protoplast suspensions were trans- 
ferred to 35 mm petri dishes which were sealed in parafllm and Incubated at25^C In the dark to allow expression 
of the GUS gene. 

15 Exanr>ple 4. Assay of GUS gene expresston in electroporated protoplasts 

After IncubatkKi for 44 to 46 hours. 400vil washlr>g solution was added to each dish and each protoplast 
sample was gentiy pipetted into a microfuge tube. The tubes were centrifuged at lOOg for 8 minutes and the 
supernatant was discarded. Protoplast pellets were either stored at -80*C untl required or used Immediately. 

20 Each pellet was resuspended. with the aid of a vortex mixer. In 250m1 extraction buffer (Jefferson et ai. (1987) 
supra) . The samples were sonicated on ice for 5 seconds using a Labsonic 1 51 0 sonicatorset at 55W. equipped 
with a microtip probe. Debris was pelleted by centrifugation In a mkrrofuge for 1 minute and the dear supernatant 
was assayed for total protein using a Bio-Rad kit according to the nwnufacturers* recommendations. For each 
set of constructs the fluorometric GUS assay (Jefferson et al- (1987) supra) was perfboned on an aliquot of 

25 the supernatant containing a fbted amount of total protein in the range of 5 to 50^g dissolved in 1 0O^J lysis buffer. 
A further 1 0O^ii extraction buffer containir>g 2mM 4-methyl-umbelliferyi-p-O-glucuronide (MUG) was added, the 
mixture was vortexed briefly and incubated at 37"C for a fixed time in the range of 20 to 160 minutes. The reac- 
tion was stopped by the addition of 1000^d 0.2M NsjCOj and fluorescence at 455nm was measured uslr>g a 
Perkin-Eln>er Spectrofluorinr>eter set at an exdtatton wavelength of 3B5nm. 

30 

Example 5. Preparation of Solutions and Media 

Culture medkjm CM1 Is the CSS medium described by Scowcroftand Adamaon (1976. PiantSci. Lett 7:39- 
42) with the pH adjusted to 5.8, CM2 contains the mineral salts of Murashlge and Skoog (1962, Physiol. Plant 

$5 15:473-497). 170mg/I L-asparaglne. 0.77 mg/l glycine. 0.13n>g/l nteottnlcacid. 0.025mg1 calcium pantothenate. 
0.025mg/1 thlamino-HCI, 0.025mg/l pyhdoxine-HQ. 4mg/l 2,4-dichlorophenoxyacetk: add (2.4-d), 20g/l suc- 
rose. pH5.8, CM3 is WtMl (Young et al., 1 989, J. Gen. Virol. 70:2245-2251 ). CM4 contains the major inorganic 
salts of White (1963, In The cultfvatton of animal and plant cells, 2nd ed., Ronald Press, New York), the minor 
salts and vitamins of Murashlge and Skoog (1962, supra) . 100mg/l myo-inositol.S/gl yeast extract, 10nr>g/! ferric 

40 citrate, 1 nng/l lndole-3-acetk; ackJ (lAA), 40grt auaose, pH5.5. CMS conUlns the major and minor inorgank: ele- 
ments of R2 medium (Ohira etal.. 1973. Plant Cell Phystol. 14:1 113-1121) with 9mg/l FeCI,. 1 1 .2mg/! Na2EDTA, 
1n^ thiamlne-Ha, 2mgyi 2.4-D, 20g^ sucrose. pH5.9. 

Protoplast washing solutton PW1 consists of 0.3M mannitol. ISemM Naa. 3.5mM Ka, 9.4mM MgSO^. 
8.4mM MgCla. 3.4mM CaOa, 0.9mM NaHCOj. pH6.0, PW2 contains the major and minor mineral salts of B5 

4S medium (Gamborg et al. (1968) Exp. Ceil Res. 50:151-158). 27mM mannitol. 109mM KC1. lOSmM MgCIa, 
33mM CaCli, 3mM 2-<h4-morpholino) elhanesulphonk; add (MES). pH5.7. PW3 consists of 0.568M mannitol, 
80inM CaCIi, 0.2% MES, pHS.8. PW4 is PW2 with the concentratton of mannitol raised to 49rnM. 

Enzyme digestton mixture ED1 consists of 1% (wAv) Cellutysin (Calbtochem). 1% (wAv) Driselase, 1% (w/v) 
Macerozyme (Onozuka R-1 0) in washing solution PW1 with the pH adjusted to 5.8. ED2 contains 1 % (w/v) Cel- 

50 luiysin (Calbtochem), 0.5% {wN) Hemicellulase (Sigma). 0.02% Pectolyase Y-23 (Seishin Pharmaoeutkal), 
50mM CaOj. 10mM sodium acetate. 0.2M nrvannllol, pH5.8. EDS containa 1%(wA^) Cellulase RS (Yakutt Hon- 
sha), 0.1% (w/v) Dfiselaee, 0.06% (w/v) Pectolyase Y-23, 0.2% (wN) Hemicellulase, 0.2% (w^) Maceroryme 
R-10. 0.495M mannitd, 0.1 89M glucose, 2mM ascorbic add. 14mM CaOz. 3mM MES, pH5.8. ED4 is 0.5% 
(w/v) Cellulase RS, 0.68% (w/v) Driselase, 0.06% Pectolyase Y-23, 6.5mM MES. 0.325M nr«nnlto(. 40mM 

55 CaClj, to which 0.5% (w/v) activated charcoal was added. After gentle agitatten for 30 minutes, the charcoal 
was removed by centrifugation at lO.OOOg. The sdutwn was then adjusted to pH5.9 and sterilized by fHtratfon. 
EDS is 1% (w/v) Cellulase RS, 0.1% (w/v) Driselase, 0.1% (w/v) Pectolyase Y-23. 0.35M msnnltol. 3mM MES. 
pH5.9. 
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Th« protoplast culture madia were all sterilized by f^tretion before use. Protoplast culture medtum PC1 con- 
sists of the medium of Kao and Michaylulc (1975) Plants 126:105-110 without the free amino ackte. adtnrna, 
guanine, thymine, uracil, hypoxanthlne, xanthine, riboflavin and vitamin B12, as suggested by VasR and Vasil 
(1980) Theor. Appl. Gen. 56:97-99, but containing 0.4M glucose. 0.1M sucfoase. 1mg/l 2,4-D. 0.2mg^ zeatln. 

5 pH adjusted to 5.6. The medium was ultrafiltered through an Amicon YM10 membrane pavies et al. (1980) 
Plant Sci. 60:237-244) prfor to filter starflizaticn. PC2 consists of the inorganic elements of Murashige and 
Skoog (1962. supra) . 7.7mgy! glycine, 1,3mg/l nicotinic acid, 0.25mo/l thtamine-HO. 0.25fngfl pyridoxlne-Ha. 
0.25mg/) calcium pantothenate. 167mg/l L-aspnglne. IgVI L-glutamine, Q6gJ\ mannitol, 20g/I sucrose. 1.67g/l 
glucose, 2% (v/v) coconut water (Gibco). 4mg/l 2,4-0 and Clmg/! S-benzylaminopurine, pH5.8. PC3 consists 

10 of the major and minor minerals of Kao and Michayluk (1 975. supra) . 1mg/l nicotinamide. lmg/1-pyridoxine-Ha. 
1mg/l thiamine HCI, 1mg/l calcium pantothenate. 0.4mg^ folic acid, 0.02mg/! p-aminobenzoic acid, 0.01n>g/l 
biotin. 400m9/l nvlnositol. 2% (v/v) coconut water, 750mg/1 casein hydrolysate. 200mgA L-ghjtamine, 150mg/I 
L-aspartic acid, lOgyi sucrose, 108gyi glucose, Img/I 2.4-D, 02mg/1 1-naphthaleneacetic acid. 0.2nr>g/l zeatin. 
pH5,6. PC4 is CM4 with the addition of 73g/l sort>flol, PCS has the iix)rganic ingredients of CMS plus the vitamins 

15 of B5 medium (Gamborg et al., 1968. supra) , the sugars and organic acids of Kao (1977. I^ol. Gen. Genet 
150:225-230). 137gyt sucrose. 2mgyi 2,4-D and O.lmgfl Icinetin, pH5.7. 
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TABLE 2 



Kean specific activity f picomoles — ^^/pg 
Pfotgin/min.^ vith s tandard Errors shown in 
brackets 



Construct p35SGN p6ARE40CSAADHIGN p40CSA35SIGN 

(pEauGN) 



NiggtWM NpT5 


157 


(72) 


131 




( 49) 


1312 


(600) 


maize BMS 


17 


C 9.7) 


698 




(365) 


103 


( 48) 


wheat LI 


0.68 


( 0.38) 


27 


( 


5,4) 


0.06 


( 0.06) 


einkom TM 


0.41 


( 0.17) 


8 


( 


1.4) 


0.94 


( 0.30) 




1.7 


( 1.2) 


15 


( 


5.0) 


6.6 


( 2.3) 


rice ER 


0.69 


( 0.19) 


17 


( 


3.2) 


4.5 


( 2.1) 


















barley 












16 


( 1.0) 


mesophyll 


0.21 


( 0.21] 


0.21 


( 


0.21) 



4MU » 4-methyl umbellif erone 
standard Error - S = 

where y =« specific activity value obtained and 
n - nxomber of values obtained 



Specific activities of ft-glucuronidase (GUS) in protoplast 
extracts following transient expression of p35SGH, 
p6ARE40CS^lADHIGN and p40CSA35SIGH. The barley mesophyll 
protoplasts required slightly different electroporation 
conditions as specified in Example 3. 
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TABLE 3 



Mean specific ac tivity fpicomoles ot 

4Mi;/pq protgin/fflint) 



Aerobic 



Anaerobically induced 



P6AREAADHIGN 1-4 [0.73]* 

p6AR£A35SIGN 0 
P6ARE40CSAADHIGN 29.3 [6.7] 



4.3 [1.3] 
0.21 [0.04] 
28.7 [4.5] 



Expression obtained using three different constructs under 
aerobic or anaerobic conditions. 



* Standard errors are shown in brackets 
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Claims 

5 1. A recombinant promoter nriolecule for enhancing expression of a plant-expresslbio stnjcturTil gene in a 
monocot plarrt cell comprising: 

(a) a plurality of enhancer elements selected from the group consisting of the ARE and the OCS ele- 
ments; 

(b) a truncated, plant expressible promoter providing the TATA box region necessary to initiate tran- 
10 scription positioned 3' to said plurality of enhancer elements; and 

(c) a nucleotide sequence naturally found as an inb-on poslboned between the b^nscription start site 
and the translation start site in a plant-expressible gene; 

whereby a plant-expressible structural gene placed 3' to said recombinant promoter molecule is expressed 
In said monocot plant cell under regulatory control of said recombinant promoter molecule. 

IS 

2. The recombinant promoter molecule of daim 1 wherein the truncated promoter Is selected from the group 
consisting of the truncated maize Adh1 promoter and the truncated CaMV 35S promoter. 

3. The recombinant promoter molecule of claim 1 wherein said truncated promoter is the truncated maize 
20 Adh1 promoter. 

4. The recombinant promoter molecule of claim 1 wherein said truncated promoter is the truncated CaMV 35S 
pronrK>tsr. 

25 5, The recombinant promoter molecule of claim 1 having the structure 40CSA35SI. wherein 40CS refers to 
4 tandemly repeated copies of CX:S, A35S Is a truncated CaMV 35S promoter, arxi I is a nucleotide sequ- 
ence naturally found as an intron positioned between the transaiption start site and the translation start 
site in a plant-exprssslble gene. 

30 a. The recombinant promoter nwiecule of daim 1 having the structure BAREAAOHI, wherein 6ARE refers to 
6 tendency repeated copies of ARE, AAOH Is a truncated ^h promoter, and I is a nucleotide sequence 
naturally found as an intron positioned between the transcription start site and the translation start site in 
a plant-expressibtegene. 

35 7. The recombinant promoter molecule of daim 1 having the structure 6ARE40CSAADHI. wherein 6ARE ref- 
ers to B tandemly repeated copies of ARE, 40CS refers to 4 tandemly repeated copies of OCS* AADH is 
a truncated Adh promoter, and I is a nudeotide sequence naturally found as an Intron positioned between 
the transcription start site and the tranalation start site in a plant-expressible gene. 

40 8. A vector comprising said recombinant promoter nnolecule of any preceding daim. 

9. A bacterial cefl containing a vector comprising said recombinant promoter molecule of any of daims 1 to 

7. 

45 10. A transformabte, regenerable monocot plant transformed to comprise the recombinant promoter molecule 
of any of daims 1 to 7 and expressing a structural gene under confrol of said recombinant promoter 
molecule. 

11. Amaize ptantof daim 10. 

50 

12. A wheat plant of daim 1 0. 

13. A barley plant of daim 10. 
66 14. A rice plant of daim 1 0. 
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CONSTRUCT 



REGION X 



pGN 
pl6N 

P&35SGN 
PA35SIGN 

P60CSA35SIGN 
p6AREaADHGN 
p6ARE/i ADHIGN 

P6AREa35SGN 
;)6ARE^3SSI6N 
p6ARE40CSaADHK3N 

p35SGN 
P35SI6N 



INTRON I 



a35S 





<a.35S 


INTRON 1 1 






40CS 


a35S 


INTRON 1 








6ARE 


aADH 






A ARE 


^ADH 


INTRON 1 








6ARE 


a35S 










6ARE 




INTRON 1 






6ARE 


40CS 


aADH 


INTRON 1 



35S PROMOTER 



35S PROMOTER 



INTRON I 



21 



03/14/2000 08 :41: 25 



EP 0 459 643 A2 



FIG. 1C 
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